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INTRODUCTION 


H i, ther el Luis Antilla here. BY now, I 
bet You know all about me and mY 
friends, Pres ester III ana 
Alberte S ree OF vs, 
| you forgot, C inste 



































































ementary Were thi assistants 
o£ M (Sk, Who iS maybe, jst 
DE, ONE OF ThE greatest s ICE 
acher s in the entire univer 
he | S of this Mad > experiment 
A Jog, Yov're going to Find Some of the | 
i Optica Sions ever. Not € 





Ure Wha Cal tllUSionS are? 
heyre a lY neat Scientific tricks 
t^at an play on t^e eyes and the 
or those of Your Friends! 







. But the stuff in here isn't just a lot of tricks. You 
get a chance to be areal scientist! That means 
trying ovt terrific experiments, making predic- 
tions, observing What happens, recording what You 
see—or think You see—and drawing conclusions. 
With this experiment log, Your Tricks and Optical 
Illusions Lab Kit, and a few things around the 
hovse, You, too, Can amaze Your brain and Fool 


Your friends! 
aL Ss 


Who f 
there? 


Water 
who? 


















it's Prescott here. Were — 
gom things off with ere TM 
really aweforie— of —— 
They ve not haunted, V 3 
Can do Some Seriously spooky 
stuff with them anyway. 


Check ‘em out! 


""esesa:; 
HERE'$ THE OTHER STUFF 
YOU'LL WEED: 


4A Smal] bowl or 
large glass 


A Colander 

A Clear &lass 
À Spoon 

Water 


À piece Ot paper With 
Writing on It 





READY, SET, SOENG 


(. STEP 1 Fill the bowl or large glass at least halfway with water. 
STEP 2 Add the ghost crystals. You should let them sit in the 
water for at least a day. Make a hypothesis about what 
will happen on your KEEPING AN EYE ON OPTICAL 
ILLUSIONS clipboard below. 

STEP 3 After a day's gone by, dump the water out of the bow! or 
glass into the colander (this will catch the crystals if they spill 
out of the bowl or glass). There won't be much water left to 
dump. Look at the crystals in the colander. Record your 
observations and conclusions in KEEPING AN EYE ON 
OPTICAL ILLUSIONS. 

STEP 4 Spoon enough crystals into the clear glass so that they cover 
the bottom. 

STEP 5 Now put the glass on top of the paper with writing on it. 
Look down into the glass and try to read the writing through 
the glass. Can you do it? Circle your response. 

YES NO 
STEP 6 Add just enough water to the glass to cover the crystals. 
STEP 7 Look at the side of the glass. 
Can you see the crystals? Circle 
your response. 









| MEEN S - | 
KEEPING AN EYE ON OPTICAL 


ILLUSIONS: GHOST CRYSTALS YES NO 
HYPOTHESIS | STEP 8 Now look down into the glass 
Do you think the crystals will change in and try again to read the writ- 
some way after they've been in the ing through the glass. Can you 
. water for 24 hours? do it now? Circle your 
response. 
YES NO 
OBSERVATIONS 


STEP 9 You can store the crystals for as 
long as you want in a zip-up 
plastic Baggie, in case you want 
to try this experiment again. 


What do the crystals actually look like 
| after being in the water for 24 hours? 


CONCLUSIONS 
. Where did all the water go? 


| 


| 





The Spooky Secrets of 
Ghost Crystals 


H ere's why the crystals get big: They're really good at absorbing water, 
just like sponges. When sponges drink up water, they get bigger, and so 
do the crystals. 













vhy the cry 
ght hits 


Here’s why you can’t read through the crysta 
pear in water: How you see things ha 
When light hits an object, three t 


disap- 





appen. 







t—tha hat's 





1. The object can reflec he lie 


what mirrors do 


(ae, 
































































2. Or the objec absorb light—that 1s l light. That’s what hap- 
pens when you wear your black t-shirt. Your eyes see d at is, the 
absence of light) you , and cel ot when you wear 
it, cause light s es can be heat sources, too! 

3. Fig the ot refract li nat is, t 
th t so it eyes, v 
i that you can't see the objec well. 

efract light. When 

light , a lot of the light doesn't 

manage to find its way to your eyes. This 1s why the crystals 





are tough to see. It’s also why you can’t read the writing 
through the glass—most of the light can’t make it 
through the crystals. You can almost see through the 
crystals—enough to see that there’s a paper under 
the glass, but you just can’t see well enough to read 
the paper under the glass. Water reflects and focuses 
light, and it kind of cancels out the refracting power 
of the crystals, so when you add water to the glass, 
the writing reappears. 
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DOUBLE YOUR MONEY 


€ EXPERIMENT CONTINUES ON THE NEXT PAGE! Q> 


RAIN, SHR, SEMOS 


STEP 1 Place the edges of the two mirrors together, with 
the shiny sides facing each other. Tape them 
together along one side so that they can open 
and close like a door hinge. 











€ 


a STEP 2 Open the hinged mirrors so that they form a 90° degree, 
or right, angle. (When two lines meet at the edge of a 
square you have a right angle.) 


STEP 2 


STEP 3 Place a coin between the two mirrors. How much money 
do you have, according to the mirrors? Record your results 


in KEEPING AW EYE OW OPTICAL ILLUSIONS. 

STEP 4 Change the angle of the mirrors. Try opening them up 
farther or closing them tighter together. Can you “make” 
more money? Record your results in KEEPING AW EYE 
ON OPTICAL ILLUSIONS. 


The Mystery of the 
Multiplying Money € 


P -— 
-e ee 
/——————————————————————————————————À 


KEEPING AN EYE ON OPTICAL 
ILLUSIONS: DOUBLE YOUR MONEY 


OBSERVATIONS 

In Step 3, did you double your money? 
Triple your money? Quadruple your money? 
Record how much money you made: 


How does changing the angle of the 
mirrors in Step 4 affect how much money 
you make? 


T his trick is all about 
reflection. When light 
hits a mirror, it reflects, that is, 





bounces back whatever’s in front of it. 
If you have two mirrors, the second 
mirror bounces back what’s being 
reflected in the first mirror. How many 
times this bouncing happens depends 
on how narrow the angle is—that is, 
how close the mirrors are to each 
other. The closer the mirrors are to 
each other, the more bouncing hap- 
pens, the more reflections there are, 
and the more imaginary money you 
see. Too bad you can’t take those 
reflections to the bank! 





C 


EXPERIMENT WITH THE 
EXPERIMENT 1: MORE 
MIND-BENDING MIRRORS 


Take one oí your 
mirrors and place 
it, one at a time, 
on the dashed line 
of each oí the 
pictures on this 
page. What happens? 





EXPERIMEWT WITH 
THE EXPERIMENT 2 


Retape your mirrors 
together and place 
them on the two 
dashed lines of 
each picture. What 
do you see? 





EXPERIMENT WITH THE EXPERIMENT 3 


Have some three-dimensional fun! Take a very 
small toy (it's got to be smaller than the 2- 
inch (5-en) mirrors), the figure of an animal, a 
person, an alien, or whatever you ve got—and 
see if you can build yourselt a whole scene 
using the mirrors. You can also add drawings 
trees or buildings and create your own 


or. toy 
; : f 
€ Tiny world! | | 13 











MY granddad's told me abovt some of the horror movies 
he saw as a kid. They didn't have as many creepy special 
effects in them as today's Flicks do, but there was one 
| really Cool thing about them—the movies were in 2-D! You'd 

get these weird glasses with one red Cellophane lens and 
one green one. And when You put them on, suddenly it looked 
like all the suamp monsters and zombies and vampires were 
leaping of F the screen and heading toward Your Facel 
Here's a Chance to Check ovt the 3-D thing For Yourself. 





. 3-D glasses dii Luo, with 
| 3-D image cards (ther? 7e, sev 

— four pictures: pend 
/ divers, and an Ed: 


STEP 1 First, look at the 3-D images on the cards. Record what you 
see in KEEPING AN EYE ON OPTICAL ILLUSIONS on 
page 15. 

STEP 2 Now, put on the 3-D glasses. 

$TEP 3 Look at the 3-D images again and record what you see 
through the glasses. 


i € 








KEEPING AN EYE ON OPTICAL ILLUSIONS: 3-D THEATER 
OBSERVATIONS 


What do the pictures look like when you're not wearing the glasses? 








v — 





How do the pictures change when you put on the glasses? 


CONCLUSIONS 


Why do you think the pictures change when you put on the glasses? 


3-D 1n Depth 


ecause your two eyes are in slightly different spots on your face, 
they have slightly different views of the world. Your brain uses 
the difference between those two views to create depth—that is, the 
L way your brain sticks together all of the info from your right and left 
€ eyes gives you a three-dimensional view. That's why things like real 
l penguins and sky divers don’t look flat in real life. A photo of pen- 
guins or sky divers is flat. But you can fake out your eyes. 


B 





Each of the 3-D photos is made up of two slightly different images 
of the same picture. One image is red and one is blue-green. When you 
wear the 3-D glasses, one eye is looking through the red filter. It can't 
see the red image, because that’s the same color as the filter. It sees 
only the blue-green image. Your other eye is looking through the blue- 
green filter. It can only see the red image. (And yes, even though the 
blue-green filter looks blue, it really is a combo of blue and green.) 
This "trick" forces your eyes to get two slightly different looks at the 
same picture. You’ve now totally confused your brain ‘cause now what 
you see is 3-D! 


Why not play with this some more by using the glasses to look at 
blue things and red things around your house? 15 





CONFUSING COLOR WORDS 


You ve just got to try this next 
trick. Check it ovt First to see 
how it works, then teft it on 

your Friends. It's really fon— <d 
but a real strain on the brain) — \ 
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Ps. a 
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VLASHB 

QIVT BLACK 
$WMTO SLUE 
HROGK GREEN 
QIVT BLUE 
SWMTO REP 
NIJ GREEN 
VLASHR BLACK 
MAO Ok 
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I tried t^is 
ene. But I 
blue it! 





READY, SET, SCUEJCEP 


STEP 1 Look at the colored words 
in list A. Say the color of 





each nonsense word, one KEEPING AN EYE ON 
at a time. Don't read the OPTICAL ILLUSIONS: 
CONFUSING COLOR WORDS 
words! 
OBSERVATIONS 
STEP 2 Now Say E color of each Which list gave you trouble when 
word in list B, one word at you tried to say the colors? 
a time. Again, don't read 
the words, just say the 
color! 
CONCLUSIONS 


STEP 3 Record your observations Why do you think this happened? 


in KEEPING AN EYE ON 
OPTICAL ILLUSIONS. 


$TEP 4 Now try this out on your 
pals! 





Color Words 1n 
Black and White 


| f eeling a bit tongue-tied? Here's why. List A is all gibberish, 


SO it’s easy to just think about the color of the words and not 
get distracted by the actual words. But when you look at one of 
the words in list B you see and think about the word arid its color. 
If the color of the word is red when the word actually says 
"black" you get mixed up. The two pieces of info, color and word 
meaning, don't match, and your brain has to figure out which 
piece of info to pay attention to. No wonder it's not as easy as 


. you d think! 
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y, Im back. Have You seen those pen 
-— p VerY—You kno 
t are shiny and Si | E 

femi Ty kinda like metal but Feel T pe 
PE balloons are made VILIS E. 

AS ami J 
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nete 
"d (|) stuff to the objects reflected i 

our 5 

from y | 





go grab: 


sheet of Mylar 


( 





E^ HERE'S THE OTHER stupr | 
x 6"; 12cm £ (| YOU'LL WEED: -— | 
Distorteg image | - 4 
at left } 
A piece Oi thier NES “i | 
Paper like Construction 
Paper or thin Cardboard 
Cut the Same size as 
the liylar Sheet (43/," 
X 0i: l2 cm x 15 cm). 
Tape 


DISTORTED IMAGE 
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69 66 è 





é404 
54eym 
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S274 | 


ZAR] AOA 
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JADIAN 
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jeg "ej 
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Ka ane 
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STEP 1 


STEP 2 


STEP 3 


STEP 4 


STEP 5 


STEP 6 


STEP 7 


READY, SEI, SENGES 


Look at the distorted image. Record what you see in 


KEEPING AW EYE OW OPTICAL ILLUSIONS. 


Peel off the protective paper from the Mylar. Be careful! 
Mylar scratches easily! It also smudges easily, but don't 
worry if you do get your fingerprints on it. Just use the side 
without smudges for the experiment. If you do smudge 
both sides, you can wipe the Mylar clean with a soft tissue. 


There's a dark circle at the center of the distorted image on 
page 18. Roll the thick piece of paper into a cylinder, that 
is, a tube, open at both ends, so that the open ends are 
exactly the same size as that dark circle. 
Tape the edge of the paper and seal the tube. 


Curl the Mylar around the paper tube and 
tape. This is your Mylar mirror. 





Lay this book, open to page 18, on a table or other 
flat surface. 


Put one end of your Mylar mirror tube on the circle at the 
center of the distorted image. The image should be reflected 
on the side of the tube. Look at the reflection—can you 
recognize the picture now? Record your observations in 


KEEPING AN EYE ON OPTICAL ILLUSIONS. 


Try your mirror tube on other kinds of pictures and record 
the results in KEEPING AW EYE OW OPTICAL ILLU- 
SIONS. 


19 























KEEPING AN EYE ON OPTICAL ILLUSIONS: 
CRAZY CYLINDRICAL IMAGES 


OBSERVATIONS 


What does the image look like before you use the Mylar tube? 
Can you recognize anything in the picture? 
How is the image different after you use the Mylar cylinder? 


When you use the Mylar tube on normal pictures, what do you see? 


CONCLUSIONS 
How do you think the Mylar tube works? 


Get the Picture About Crazy 
Cylindrical Images 


T^ weird picture in this experiment log is | 
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sis (DO, | 
tthe k 
do da 
the dr 
orpho 



















it doesn't have anything to do with A OSE ho 





bit 


turn into animals), and people have drawing them since you 
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hat mé 
the a 
reg 


fona Lisa). 
at hi 


know, that guy who painted the g are 






bent in a certain way. The gets 














hen the 
he bent light tk 


bent, too, on its way back to you '[lectec he tube, 







the bent lines of the | re hits - eyes cà ach other 


out, and you see a norma cing p 

































The idea behind anamorphosis is also the so f muc n coolness. Do 
you have a DVD playe yme? The DVD lets y« atch movies On your 
TV, but maybe you’ ve | that t 1 at the heater is a different 
shape (1 longer and s ut) than yout screen (which is sorta square). 
If you t ) watch the long, stretchy pii your square TV screen, it would 





get all « ed like the distorted ure you used in this experiment. But 
your DVI S ju irror tube: It transforms the distorted picture | 
into the latest I k on your TV. € 
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STUPENDOUS SPINNERS 


| Have you ever Spun around and around 
| b until you got dizzy? You Fall down, and 
X AS even though you stay In the same place, 
|B it looks Like everything else 1£ moving. 
Things Look all weird and blurry. In this 
experiment, youll see how strange it 


Looks when, Instead of You Spinning, You 
make Something else spin! 




















E E g e gro À | U j i 4 
er—the disk: the colore 
rns and the n 






ear the center 












EXPERIMENT CONTINUES ON THE NEXT PAGE? pa | 
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READY, SET, SENGES 


STEP 1 


STEP 2 


STEP 3 


STEP 4 


STEP 5 


STEP 6 


STEP 7 


STEP 8 


STEP 9 


Carefully punch out the illustrated spinner included in C 
your kit. The spinner is the disk with two holes in the 

center (not holes on the outer edges: that disk's for experiment 7). 
Punch out the paper in the center holes, if it's still there. 


Look closely at both sides of the spinner and record what you 


see in KEEPING AN EYE ON OPTICAL ILLUSIONS. 


With your ruler, measure a 12-inch (30-cm) piece of cord. 


Cut the 12-inch (30-cm) piece off. 


$TEP 5 


Thread one end of the cord through one hole and 
then through the other hole. Tie the two ends 
together. Guess what will happen 
when you spin the spinner. Record 
your hypothesis in KEEPING AN 
EYE ON OPTICAL ILLUSIONS. 






Make sure the spinner is in the center of the cord. STEP7 


Twist the cord several times, so it's 
really tight and “wound up.” 


Loop each of your index fingers through the end 
loops of the cord. 


Push and pull your hands in and out to start the spinner spin- 
ning. The cord will start to unravel, forcing the spinner to spin. 


STEP 10 Watch what happens to each design on the spinner. Record your 


observations in KEEPING AN EYE ON OPTICAL ILLUSIONS 
and try to figure out what happens to the spinner as it spins. € 








KEEPING AN EYE ON OPTICAL ILLUSIONS: STUPENDOUS SPINNERS 
OBSERVATIONS 


What colors do you see on each side of the spinner? 


HYPOTHESIS 
What do you think will happen when you spin the spinner? 


OBSERVATIONS 


What colors do you see on the spinner as it's spinning? 


How do the patterns change on the spinner as it's spinning? 


CONCLUSIONS 


Why do you think the designs on the spinner look different when the disk spins? 


The Spin on 
Stupendous Spinners 


Ww hen you first look at the spinner designs, you see the colors red, 
blue, green, and yellow. But when you spin the disk really fast, 
your eyes get all mixed up, and so does your brain. Your brain tries to 
combine the images that are part of each pattern on the disk. Something 
called "persistence of vision,” which is the eye and mind's “memory” of 
what they're seeing, mixes up two colors to create one new color. 
Spinning blue and yellow makes you see green, and spinning blue and red 
blurs the colors into purple, in the same way that blue and yellow paint 
mixed together make green paint, and blue and red paint mixed together 
make purple. (Only this way you don t have to clean the brushes!) 








24 





STEP 1 Get out the spinner you just used in the last spinner 
experiment. With the pencil, trace around the spinner onto 
the cardboard or poster board. Cut out the spinner shape 
you made from the cardboard or poster board. 


STEP 2 Put the illustrated spinner on top of your blank spinner 
and trace the two holes onto your blank spinner. Use the 
hole punch to punch out the two holes you 
traced onto your blank spinner. 


STEP 3 Draw a different colorful, funky 
design on each side of the disk. 






STEP 4 Thread a 12-inch (30-cm) piece of elastic cord 
through the holes like you did in the previous 
spinner experiment. Tie the two ends together. 


STEP 5 Twist and spin! 
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~ EXPERIMENT CONTINUES ON THE NEXT PAGE! Q 









READ, SER, SOENE 





STEP 1 Punch out the thaumatrope disk included in your kit (it's € 
the one with the holes punched near the edges). Look at 
the design on the front and back of the thaumatrope and 


record your observations in KEEPING AW EYE OW 


OPTICAL ILLUSIONS. 
STEP 2 Punch out the holes near the edges of the disk. 
STEP 3 Measure and cut two pieces of elastic cord about 6 inches 


(15 cm) long. 


STEP 4 Thread each piece of cord through the holes and tie / M 






a knot, so you have cord handles. Guess what will happen SIDE 1 
when the thaumatrope spins and record your hypothesis in 


KEEPING AN EYE ON OPTICAL ILLUSIONS. 
STEP 5 Twist the cords on each side of the thaumatrope 
and then let it unwind! Record your observations. 


T" = -[ 
D 
ma Bala een, 


-am annens Mea amim o e Tende 





K EEPING AN EYE ON OPTICAL ILLUSIONS: 


THRILLING THAUMATROPES 
OBSERVATIONS 


What do you notice about the picture on 
each side of your thaumatrope? How are 
the pictures different from what's on the 
spinner? 


HYPOTHESIS 


What do you think will happen when you 
spin the disk? 


OBSERVATIONS 
What happens to the two pictures on the 
disk when you spin it? 


CONCLUSIONS 
Why do you think this happens? 








Totally @ 
Thrilling 


Thaumatropes 


Rowe what happened in 
Stupendous Spinners? Your brain 


combined the separate colors and shapes 





on one side of the spinner disk into one 
pattern. The thaumatrope works in a similar 
way, but when you spin the thaumatrope, 
you can see both sides of the disk. When 
you spin the disk really fast, your eyes 
combine the picture on each side, making 
it seem as if there is only one image. The 
“persistence of vision” 

CONTINUES OW THE Aç 


NEXT PAGE? 





thing that was happening with the spinner is also going on with the thaumatrope. 
When you look at an image, your brain remembers that image after it’s gone 





(for a really short time). When you see two or more images right in a row, 
your brain combines these images. Your brain remembered the picture on the 
first side of your thaumatrope for less than a second. But that was just long 
enough for your brain to combine it with the picture on the other side of the 
thaumatrope. That’s what made the lightbulb glow! Now you get it? 





— T EAT Ma SUR " — = a 
Cile e CERE GA CD NC EE SNP. — À nae 


€ READY, SET, SCIENCE? 


STEP 1 Get out your thaumatrope. With the pencil, trace around 

the thaumatrope onto the cardboard or poster board. 

Cut out the thaumatrope you made from the cardboard 

or poster board. 

STEP 2 Put the illustrated thaumatrope on top of your blank 

thaumatrope and trace the two holes onto your blank 

thaumatrope. Use the hole punch to punch out the two 

holes you traced onto your blank thaumatrope. 

STEP 3 Draw a picture on one side of the disk. (HINT: Try a picture 

of an alien.) 

$TEP 4 Draw another picture on the second side of the disk. 
(HINT: Try a birdcage.) This picture should be upside down 
to the picture on the first side. 

STEP 5 Thread a 6-inch (15-cm) piece of elastic cord through each 
hole and make a knot. 

STEP 6 Twirl the cords fast! What happens? 27 














TE YOUR OWN 
KAL EIDOSCOPE 
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j to 
Ye got a truly neat thing here -— — a 
WIPE kaleidoscope. Maybe You 
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LJ. E NM m" Nr s 
HERE'S THE OTHER STUFF 
YOU'LL WEED: 
Square piece gf | 
Clear plastic Wrap, 
MP JP VL (100m x 10cm) 


* Square piece o, a 


Waxed Paper, 4 " x 4" 
(100m x 10em) 


a — ? E 






Permanent marker 
Ruler 

Tape 
Glue | 
Scissors 





READY, SE, SONGES 


STEP 1 Decorate the longer tube with stickers, markers, or 
crayons. (This is optional. You don’t have to decorate it if 
you don't want to.) 





STEP 2 Put one end of the tube onto the clear plastic square. 
Center it as much as you can. Take the ruler and permanent 
marker, and make a mark about half an inch (1 cm) away 
from the tube, and use that mark to draw a circle with the 
permanent marker around the tube on the clear plastic that 
is about half an inch (1 cm) wider than the tube. 


Cut out the plastic circle and put it on one end -— 


of the long tube. Tape down the edges of the STEP 3 
circle onto the tube. 





STEP 4 Tape the end of the short tube to the end of the long 


tube that has the clear plastic circle. It should ( «8 
now look like you have one long tube. 


$TEP 4 





STEP 5 Put one of the ends of the tube onto the waxed paper 
square. Center it as much as you can. With the ruler and 
permanent marker, make a mark about half an inch (1 cm) 
away from the tube and use that mark to draw a circle with 
the permanent marker around the tube on the waxed 
paper that is about half an inch (1 cm) wider than the tube. 


$TEP 6 Dump the kaleidoscope chips into the open end of the 
short tube. 


$TEP 7 Cutout the waxed paper circle, put it on top of the open 
end of the short tube, and tape down the edges of the 
circle to keep the kaleidoscope chips from falling out. 


EXPERIMENT CONTINUES ON THE NEXT PAGE/ ) 29 





READY, SET, SCAENCE! <contiwuen) 

STEP 8 Fold the silvery Mylar sheet into thirds to make a long 
pyramid like the picture at left. Be careful, because Mylar 
smudges or scratches easily! Each side of the pyramid 
should be 4 inches long by 1'/2 inches (10 cm x 3 cm) high. 
Tape the edges so the pyramid doesn't fall apart. 





€ 





STEP 9 Put the silver tube into the open end of 
the long cardboard tube. 





STEP 10 Glue the cardboard eyepiece to the open 
end of the long tube. 


STEP 10 

nat} STEP 11 Hold your kaleidoscope up to sunlight or 
lamplight and turn the tube slowly. 
Record your observations in KEEPING 


AW EYE OW OPTICAL ILLUSIONS. 











E o va manman O m a tet ee - raf. 


KEEPING AN EYE ON OPTICAL ILLUSIONS: 
CREATE YOUR OWN KALEIDOSCOPE 


OBSERVATIONS 
What do you see when you look inside the kaleidoscope? 


How do the patterns change? 


in what way are the patterns always the same? 


Try drawing the patterns you see. 





Scoping Out the 
Kaleidoscope 
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of light, you'll see a re ed patte perfectly balanced reflec- 
tions. All the patterns are sy al , if you could fold it 
in the Į on each ł would 1 n), just like snowflakes, 
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READT, SEI, SENOS 


STEP 1 Remove the waxed paper 
disk from the end of the 
kaleidoscope tube. 


STEP 2 Replace the kaleidoscope chips 
with other objects, such as tiny 
shells, buttons, or marbles. 


STEP 3 Tape the waxed paper disk back 
on the end of the tube. Notice 
what new patterns your kalei- 
doscope makes with these 
new objects. 


STEP 4 You can add other kinds of objects the same way. Does the 
size of the objects in the chamber affect the patterns you see? 
Test it out! 


STEP 5 Take your favorite candy, add it to the chamber, and view it 
through your kaleidoscope. 
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CAN YOU PICK IT UP? 


Post! It’s me, Atom the Parrot. This is a 

4 M, great trick to play on people who can't 

I fly! Like your friends, | guess. Anyhow, 

it's an easy trick to play, because almost 
hobody suspects that just picking something 
up off the floor, something that isn’t glued down 
or nailed down or anything like that, can be lots more 
difficult than you would ever think! All you need, Tor this 
experiment, ig a coin and a friend. 
Your pal will probably think you're really silly To be 
giving away your money. But hey, don't worry. You're not | 
really going to be parting with your money. Try this one yourself g 
first when no one’s watching, if you don't believe a talking parrot! 


(@) 
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READY, SET, SCAENCE? 
€ | STEP 1 Ask your bud to stand with his or her back and 
legs straight against a wall. 





STEP 2 Place the coin on the floor, right in front of 
your friend's feet. 


STEP 3 Ask your pal to pick up the coin without 
bending his or her knees to get it. 
Surprise! Your friend can't do it! 


Why This Trick Isnt as 
Moy as It Looks! 


Ww e all have something that's called our "center of gravity." It's 
the point in your body where your mass is perfectly balanced. 
If your friend is going to pick up that coin, he or she has to do what's 
called "shifting the center of gravity.” Every time you bend, 
your body knows how to change its balance so that you 
don't fall over. This isn't something you usually have to 
think about. But your pal runs into trouble because that 
wall keeps him or her from shifting that center of gravi- 
ty. The only way to get that coin is to fall on your face, 
and we have a built-in sense that doesn't want us to do 
that! Your coin is safe from your pal! 
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IMPOSSIBLE ELEPHANT 


Q: What's wrong with this elephant? € 


As This is an 
impossible elephant! Take a 
closer look at its legs, and 
you can see that the way 
that this elephant was 
drawn would make it tough 
for it to walk around! 
What's happening here? 
When you first look at this 
picture, it looks okay, 'cause 
your brain assumes from 
experience that a drawing 
of an elephant is going to 
have four legs. But your brain's wrong this time! This elephant 
drawing has extra lines. When you count up all the legs you think 
you see, there are more than four! C 





MIRROR WORDS . X . .. 
C Q: GO GRAB a mirror from your OPTI- 

| CAL ILLUSIONS KIT, put it on the dotted CA RRO hi 
line in the “carbon dioxide” picture, and 
look at the reflection of the words. Can n £ OX : Dr 
you read either of the words in the mir- 


| ror? What do you think is going on here? 





| As The letters in the word “DIOXIDE” are symmetrical horizontally— 

that is, if you wrote the word on a piece of paper and folded the 
paper so the tops of the letters touched the bottoms of the letters, 
the tops and the bottoms would match perfectly. Using the mirror is 

| like flipping every letter upside down, but every upside-down letter 

| is the same as the letter when it's right side up. That's why you can 
read "dioxide" in the mirror but not the word "carbon," which 
doesn't have all symmetrical letters (just the C, B, and O). 


€ IMPOSSIBLE PATH 


Q: Follow the path and what 
do you see? This isn't the way 
that it's supposed to be! 


As This is an impossible path. 
If you trace your finger up 
the steps, you'll see that it 
could never get you anywhere! Your brain jumps right over the 
fact that the steps seem to go upward and downward at the 
same time, because you have an idea of how steps are supposed 
to look. Some viewers don't even notice that these steps would- 
n't take you anywhere until you have them trace their fingers 
along the drawing! 


€ ss 





MAGIC SQUARES 


Q: Take a close look at the white spots between the 
black squares. What do you see? 


As You should see gray spots appear and disappear as 
you look among the squares. What's happening? When 
a light spot is surrounded by dark, the eye tries to 
make the spot seem even lighter. The eye also tries to 
make a dark spot surrounded by light seem even darker. When both these 
things are happening at once, like in this picture, the gray spots appear and 
disappear right before your eyes! 


THE MAGICIAN'S MISSING RABBIT 


Q: This magician looks worried. He can't find his rabbit! He 
keeps losing his friend. It's a really bad habit! Can you help 
the magician find the rabbit? 













As If you turn the image upside down—surprise! You'll , 
see the shape of a rabbit appear. This type of reversible C 

figure is neat, because what looks like one picture is really 

hiding two! Certain parts of the picture make your eyes 

focus on one image (like the magician), and other parts of the 

picture make your eyes focus on another image (like the rabbit). 


RABBIT OR DUCK? 


Q: Do you see a rabbit or a duck in this picture? 





As There is both a rabbit and a duck! This is 
another kind of reversible figure, like the magi- 
cian/rabbit picture, above. Your brain's not sure 
which picture to look at. Some parts of the picture 
are more rabbitlike; when you look at those parts, you think the picture's a 
rabbit. Other parts of the picture are more ducklike; when you look at those 


parts, you see a duck. m. 
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PICK THE PENGUIN 


Q: Which penguin is the tallest? Circle it! 


As They're all the same size. This is 
what's called a perspective drawing. 
Artists use angled lines to make a pic- 
ture look like it has depth. When you're 
looking at objects in the real world, 
objects that are farther away look small- 
er and closer together. The angled lines 
in the drawing make you think the pen- 
guin on the far right is farther away. A 
faraway object that's identical to a closer object should look smaller 
to you than the closer object does, but this penguin is drawn the 

| same size as the other penguins. That tricks your brain into think- 
ing the farther away penguin is taller than the other two penguins. 


— 








WHERE'$ THE BALL? 
| Q. Where's the red ball? Is it inside 


or outside the cube? Is it in front of 
the cube or behind it? 






|A. Like the picture of the penguins, 
| this drawing uses angled lines to 

| make you think you're perceiving 
depth—that is, that you're seeing a 
_three-dimensional object. But the 
lines of the cube don't give you enough 

, clues about where one surface of the cube starts and another 
! begins. You can't figure out where the inside and the outside 
_of the cube are; and in fact, they seem to change while you 
look at the cube. That makes it really tough to figure out 
_where the red ball is! 
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FREAKY FLAGS 


Q: Stare at the two 
colored flags for 
30 seconds or 





immediately look at a 
white sheet of paper. 
What do you see after you look in the white space? 
Why do you think that happens? 


Å: The weird-looking flags in this book turn into something familiar 
on the white paper. The glowing red, white, and blue flags that you 
see on the white paper after staring at the colored flags are called 
afterimages. When you focus on the flags, cells in your eyes 
respond to the colors in the flags. If you stare at something long 


| enough, your eye cells get tired and stop working well. So what 


you see when you look at the white space is white space minus 
that color. The new color that you see is called the complementary € 


| color. For example, red and green are complementary colors. If you 
| stare at the color red for 30 seconds or more, your eye cells that 
_ respond to red get tired. When you turn to a white surface, your 


eyes subtract the red, and you see its complementary color, green. 


THE BEE AND THE FLOWER 


Q: Look closely to find out how to get the bee closer 
to the flower! Bring the page very close to your eyes, 
and watch what happens. What do you think is going 
on here? 





As If you bring the page very close to your eyes, you 
see the bee land on the flower. This is because each 
of your two eyes sees things at a slightly different 
angle than the other does. The closer you get to the 
page, the more your eyes try to refocus. Get too close, and the angles 4m. 
cross—landing that bee on the flower! C 





THE WIZARD'S TABLE 


Q: How many pennies do you think can fit on the wizard's table 
without touching the edges of the table? GO GRAB five pennies 
and start putting the pennies on the table. How many actually fit 
on the table? Why do you think this happens? 


As You can't even fit one penny on the table! This is another 
perspective trick. The angled lines make you think you see a big, 
| three-dimensional table stretching out toward the wizard's hat. But 
€ the actual space between the lines of this two-dimensional table is 
| really very small! 


THE LONGER LIZARD 


Q: Which lizard is longer? Draw a circle 
around it. 


As Fooled ya! The two lizards are actu- 
ally the same size! It's the arrows that 
make you think that the lizard on the 
top is bigger than the lizard on the 
bottom. The arrows on the top lizard 

, are pointed outward. They "open up" the drawing and make your 

| brain think that the top lizard is longer. With the bottom lizard, the 
| arrows on each end point inward, "closing up" the drawing, which 


L | makes the lizard look smaller. 
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HERE'$ THE STUFF You'LL WEED: 


= te pete Sy 


Dark pieces of cAàrdboarg | 
(black WOrkS best) 3 | 

5 j MS — 
Scissors j / 
Brass laStenerg BL, 


A Tlashlignt 


Drinking Straws | 


Glue | 
Tape | 
^ Sheet oi tracing Paper | 


Extra friends to be Jour | 
P audience 
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READY, SER, SCARNCE? A 


a € $TEP 1 Cutshapes and pictures out of the dark cardboard. 
Be as creative as you want. Perhaps cut out 
| the shapes of people, animals, and birds. i < 
STEP 2 Make the arms or wings separate pieces so 


that they can move. 

STEP 2 Connect the puppets’ bodies to their arms 
and legs, using the brass fasteners. 

STEP 3 Glue drinking straws to the feet of your puppets. 

STEP 4 Cuta circle out of the middle of a piece of 
cardboard. This is going to be your shadow 
puppet screen, so make sure the circle is 
bigger than any of your puppets! 

STEP 5 Cuta slightly bigger circle than the one in Step 4 
out of the tracing paper and tape the tracing paper 
circle over the hole in the cardboard. | | 

STEP 6 Turn out the lights in the room. Ask one of your pals |; — | 

E | to hold up the cardboard screen and ask your other | 

i € friend to shine the flashlight from behind the screen. 

| STEP 7 You are the puppet master. Use the straws to hold up your 
puppets in front of the flashlight and 

behind the screen so that their shadows 

project onto the screen. Move the tt 

puppets, and the show begins! ade. 






STEP 3 





m STEP 7 







Shadow puppets 
have iT made in 


i The Light and Dark of ts 
Shadow Puppets 


shadow is caused by a solid something, like a puppet, 
coming between a light and an object, like a screen. Since rays of 
= . light travel in straight lines, they are blocked by your puppet before they 

€ hit the screen, so that all your audience sees is the shadow that results. 
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BROKEN PENCIL TRICK 


Sometimes my math homework 

| makes me fo mad | wish | 
could break all my pencils! 
& When | feel that way, | 

PF play this little optical 
trick on my self. Why dont 

you fee if it LL work for 


You? 


















REN, SOR, SORIA 


STEP 1 Fill a drinking glass about three-fourths of the 
way full with water. 


STEP 2 Stick the pencil inside the glass, leaning it at a slant. 


STEP 3 Look through the side of the glass where the pencil 
enters the water. What happens to the pencil? 


The Write Answer to the 
Broken Pencil Trick 


T n order for you to see the pencil, light bounces off the pencil and 

then into your eyes (sounds painful!). The light from the top of the 
pencil (the part out of the water) gets to your eyes more quickly than 

the light from the bottom of the pencil, because that light’s got to travel 
through the glass and all that water. Because you’re not seeing all of 

the pencil all at once, the pencil looks broken. C 
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I guess 
4 hole in Your 
4and is better 
than a hole in 
Your head! 


OO Ar tp — — T t. etos 
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RENIN, SET, SOECES 


STEP 1 Roll the paper up into a tube. 


STEP 2 Hold the tube directly over your left eye (the tube should 
be touching your eyebrow) while keeping both eyes 
open. 


STEP 3 Place your right hand, with the palm facing you, 
about five inches (10 cm) from the end of the tube. 
What do you see? Try moving your hand slowly 
toward you. 


F 
J E 
< 
ES 
$ 


The “Hole” Truth About 
The Hole in Your Hand 


id you see a hole in your hand? This is another one of those 
Din. when your brain is mixing up two images into one (like 
when you checked out the thaumatrope). One eye is looking at your 
hand and telling your brain, “I see a hand.” The other eye is looking 
through the tube and telling your brain, “I see 

a hole." 
Your brain can’t figure out what it's 
really seeing. It tries to combine the images 
and tells you that you have a hole in your hand! 
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tubular! 
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BUILD YOUR OWN 


USION BOX 


make something 
a ks em ZA mean making 2r 
Pa brother or Your in nime 
vanish! But You can build a -— 
awesome illusion box that m = 
things seem to disappear, j 


WAY a magician does rtl 
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HERE’S THE STUFF 


YOU'LL NEED: . = 
Square-shapeqd card- 4 | 
board box With lig ` — 


(You want a1] MN 

Sides of the box ton 
be the Same length 

d and Width.) 


À = wes 
d ( 





ing diagonally in the pox 
— g; The cu 
oT i gof . Tin (aluminum) TOY 
Li and fittin e kinds SCissord | 
pieces © do, $9 yp Glue | 
> tough nt to have Tape 
m dult help YO A iriend 
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RENO, SEN, SAMWEL 


STEP 1 


STEP 2 


STEP 3 


STEP 4 


STEP 5 


STEP 6 






With an adult's help, cut a flap, a three-sided 
square opening, in the front of the 
square box. The flap should be 
about one to two inches wide 

(2-5 cm) on all three sides. Don't cut 
it off! You want to be able to open 
and close the flap. 


Cut the piece of cardboard to fit into the 
box diagonally, from the top front 
right corner to the bottom back left 
corner (or from the top front left 
corner to the bottom back right, if 
you want). 


Once you're sure the diagonal cardboard 
piece will fit perfectly, take it out and 
cover it in tin foil, gluing the foil to 
the cardboard. 


Once the glue has dried, put the 
diagonal piece of cardboard back 
into the box and close the lid. 


Take a small piece of tape, and stick the two ends 
together so that the sticky part is on the outside and 
the nonsticky part is on the inside. Put the tape on the 
bottom of the box, anywhere behind the diagonal 
piece of cardboard (you'll see why in Step 7). 


Now you're ready for the trick. Open up the front flap 
of the box. Show your friend that there's nothing in 
the box. 





€ 


STEP 7 Take off the lid of the box, but @@P$—don’t let your 
friend see inside! Make your friend stand back as you 
drop an object (a coin or a toy is good) into the box. 
Make sure you put the object behind the diagonal piece 
of cardboard and press it onto the tape. That way it 
won't move around or rattle. Close the top of the box. 


| 
i 
| 
| STEP 8 Open up the front flap of the box and let your friend 
look inside. Ta-da! The object is gone! 


The Illusion Box 
Disillusioned 


L us trick here is the tin foil irror. It seems 
| to show an empty bc e time. I IS WO he 


tin foil attached to tl eonal cardboard pi ts like a mirror, 
reflecting the bottom half o; ide of the put the dis- 
appearing c nto th , Db e tir in foi 
shows o eem Alf of the om c 

s that it sees the whol 

magic make 
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COMING ATTRACTIONS. 


Hey, dudes! "Eye" hope all these 

tricks and illusions weren't too 

mUCh of à drain on Your eyes and 

| brain! That's ‘cavse We've got some 
really great experiments Coming vp 
next time and we want You to be well 

rested! Go grab one of Your mirrors 

te Find ovt what's up next For Mr. 

Flask's fantastic lab ass/stants— 

and You! 


"a Next month's kit will be about 
ANS HOWL BRA 
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